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Abstract  
Laser brazing processes of aluminum with both single beam and double beam techniques were developed using a new 
AlZn13Si10Cu4 filler wire which has a lower solidification range comparing to normal AlSi12 filler wire and the base 
material. Brazing experiments on both bead on plate and flange joints showed that the new wire has a very good 
wettability on the aluminum samples. Comparing to the AlSi12 wire one needs a lower heat input (in some cases 73% less 
heat input) for joining the same samples with the new filler wire and reaches a high hardness value in the joint. In addition, 
brazing with double beam technique showed its potential to increase the joint quality. 
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1. Motivation 
The laser brazing technology is nowadays a usual method in the car body manufacturing [1]. Typical 
materials used here are zinc coated steel sheets brazing with a copper based filler wire [2]. Aluminum 
becomes more and more popular as a light weight metals in the manufacturing [3]. In terms of the joining 
technology, most of the aluminum alloys have to be welded, which may lead to insufficient surface quality of 
the seam as well as an undesired amount of distortion of the whole part structure [4].  
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The idea to braze aluminum with filler wire encounters great challenge with respect to its low melt 
temperature, which allows only few appropriate braze materials with their melt temperatures even lower as
aluminum. In the industry aluminum has to be furnace brazed with filler in paste or in powder form, which
would be high cost and time consuming for the joining of car body parts. Typical commercial filler materials
for furnace brazing are AlSiZn10Cu4, AlSi5Zn45 and AlSiZn40Cu5 [5]. In the scientific fields researchers
have developed high copper braze AlSi7Cu20Sn2 reaching a liquidus temperature of 526 °C [6]. However 
both copper and zinc may result in a low ductility and low malleability of an aluminum alloy, which limits the
possibility to produce a filler wire of this alloy.
In this study the alloy AlZn13Si10Cu4 was produced through spray forming, which leads to a fine grain
structure and therefore good malleability in the material. It made it possible to extrude this alloy into a wire
with a diameter of 1.2 mm that could be used for the laser brazing process.
The aim of this work is then to develop a laser brazing process of aluminum with this new filler wire with
both single beam and double beam technologies.
2. Experiment
2.1 Materials
The alloy AA 6082 T4 with a thickness of 1.5 mm was used as the base material in the experiments. Both of 
the alloys AlSi12 and AlZn13Si10Cu4 were applied as filler wire. A flux F 400NH was used by the brazing
process. Some of the samples were made with this flux. Before brazing the flux powder was mixed with water
into paste and then homogeneously coated and dried onto the surface of the samples.
2.2 Experimental setup
Fig. 1 shows the experimental setups of laser brazing with both single beam and double beam techniques. In 
single beam brazing the laser was defocused on the work piece. The filler wire was fed ahead of the laser 
beam along the brazing direction. With the double beam working head the laser beam was divided through a
beam splitter into two beams, which are focused onto the work piece. The relative positions among the two
beams and the wire are shown in Fig. 1b. The first laser beam along the welding direction preheats the work 
piece, so that wettability of the wire on the surface can be improved, while the second beam melts the filler 
wire during brazing. 
a). brazing with single beam b). brazing with double beam
BIAS ID 123182
Fig. 1: Experimental setup with single beam and double beam technologies
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2.3 Experiment procedures
The brazing parameters that were applied in this study are shown in Table 1. A Nd:YAG laser with maximal
power of 4 kW was used. Brazing with the bead on plate joint was carried out to investigate the wettability of 
the filler materials. In addition, the laser brazing process with the flange joint was developed. Metallographic
photos of the cross-sections of the brazed joint were taken after brazing to investigate the wettability of the
filler wires. The Vickers hardness (HV) measurement was carried out according to the norm DIN EN ISO
6507-1:2005 on some selected cross-sections of the flange joints, which were brazed with the two different
filler wires. 
Table 1. Laser sources and parameters used in the experiments
Single beam technique double beam technique 
Laser source:
Laser spot diameter
on the work piece D:
Brazing speed v:
Wire feeding vw:
Nd:YAG Laser HL 4006 D
7.5 mm
0.5 2 m/min
0.75 - 4 m/min
Nd:YAG Laser HL 4006 D
6.7 mm
0.5 2 m/min
0.75 - 4 m/min
In order to investigate the wetting features of the wires, the wetting angles were measured on the braze cross-
sections of both bead on plate and flange joints, see Fig. 2. On each cross-section two wetting angels on both 
sides were measured and the mean value was considered as the wetting angle of this specimen.
BIAS ID 130042
Fig. 2: Sketch for the measurement of the wetting angles of bead on plate joint (left) and flange joint (right)
3. Results and Discussion
3.1 Single beam 
3.1.1 Heat input
Fig. 3 shows the cross-sections of the braze cross-sections in flange joint, that were made with filler wires
AlSi12 and AlZn13Si10Cu4, respectively. Except the small amount of the melt zone on the base material, the
joint with Al-Zn (AlZn13Si10Cu4) wire had a good quality. Comparing to the joint with AlSi12 wire much
less heat input was needed to produce the same joint with the same wire amount, only 27% of the heat input 
for the flange joint with AlSi12 wire. 
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a). AlSi12 wire; Spot diameter D = 7.5 mm 
P = 4 kW, v = 0.4 m/min; vw/v = 4
b). AlZn13Si10Cu4 wire; Spot diameter D = 7.5 mm
P = 4 kW, v = 1.5 m/min; vw/v = 4 
BIAS ID 130043
Fig. 3. Cross-sections of the welds with the filler wires AlSi12 and AlZn13Si10Cu4 respectively 
3.1.2 Influence of brazing speed 
Figure 4 shows the influence of the brazing speed on the wettability of the both filler wires. The cross-
sections, on which the wetting angles were measured, are also shown over the diagram. The wetting angle
increases with increasing the brazing speed with the AlSi12 wire. With the AlZn13Si10Cu4 a better wetting
could be made even by higher brazing speeds and a lower laser power of 3 kW. By brazing with the 
AlZ13Si10Cu4 wire the heat input should be kept at a low level from 1.6 to 2.4 kJ/cm. With too low brazing
speed (for example 0.5 m/min) the base material would be melted because the AlZn13Si10Cu4 wire has a
lower solidification range and needs much lower heat input comparing to AlSi12 wire.
BIAS ID 130044
Fig. 4. Dependence of the wetting angle on the brazing speed with (left) AlSi12 and (right) AlZn13Si10Cu4 filler wires.
(Parameters:  vw/v = 4; D = 7.5 mm, P = 4 kW with AlSi12 wire; P = 3 kW with AlZn13Si10Cu4 wire)
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3.1.3 Influence of wire feeding rate
Fig. 5 shows the influence of wire feeding rate on the wetting angles of the joints with both AlSi12 and
AlZn13Si10 filler wires. The cross-sections of each measurement are also shown above the diagram. With the
increase of the wire feeding rate the wetting angle of the joints increases. At lower feeding rate with both 
wires the base materials were melted. Comparing the two filler wires, the AlZn13Si10Cu4 wire shows again a
better wetting (lower wetting angle) on the base material by even lower heat input.
BIAS ID 130045
Fig. 5. Wetting angle in function of the ratio between wire feeding rate and brazing speed vw/v
(Parameter P = 4 kW, D = 7.5 mm, for AlSi12 wire v = 0.4 m/min, for AlZn13Si10Cu4 wire v = 1.5 m/min)
3.2 Double beam
3.2.1 Double beam avoids melting of base material 
As shown in Fig. 2 a double beam working head was applied in the experiment to improve the wetting
behavior of the filler wire on the work piece. In Fig. 6 the cross-sections of the joints which were made
through both single beam and double beam technique are shown. A melting of the base material could not be
avoided by applying the single beam technique with a laser power of 3 kW. In comparison good brazing joints
were made using the double beam working head. The reason is supposed to be that, the total laser power was
divided into two laser beams, so that the energy density became lower than that of single beam. As a result, 
through the double beam working head a better energy distribution for aluminum brazing was achieved.
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Single beam 
P = 3 kW
D = 7.5 mm 
vw/v = 1.5
Filler wire:
AlZn13Si10Cu4 a).v = 1 m/min b). v = 1.5 m/min c). v = 2 m/min
Double beam
P = 4 kW
D = 6.7 mm of each 
laser spot
vw/v = 1.5
Filler wire:
AlZn13Si10Cu4 c). v = 1 m/min e). v = 1.5 m/min f). v = 2 m/min
BIAS ID 130046
Fig. 6. Cross-sections of bead on plate joints made through both single beam and double beam techniques
3.2.2 Wetting performance of the filler materials by double beam brazing
Also by double beam brazing the filler wire AlZn13Si10Cu4 showed a better wettability on the base material
comparing to the AlSi12. Fig. 7 shows the dependence of the wetting angle on the brazing speed with the two
filler wires. Depending on the brazing speed the filler wire AlZn13Si10Cu4 could reach a good wetting 
performance on the base material even by 2.5 m/min brazing welding, while the AlSi12 had a limited process
envelop reaching a wetting until the brazing welding of 1.5 m/min.
BIAS ID 130047
Fig. 7. Dependence of the wetting angles on the brazing speed by double beam brazing on bead on plate joint with AlSi12 and
AlZn13Si10Cu4 filler wires
(Parameter P = 4 kW, vw/v = 1.5 m/min, D = 6.7 mm)
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3.2.3 Flange joint by double beam brazing  
Fig. 8 shows the cross-sections of the double beam brazing joints with both AlSi12 and AlZn13Si10 filler 
wires. Similar to the bead on plate joint the wetting performance of the filler material decreased by increasing 
the brazing speed. With the AlZn13Si10Cu4 wire the base material was completely welded at a speed of 0.5 
m/min. By a too high brazing speed of 1.5 m/min the AlZn13Si10Cu4 wire had only an unstable wetting on 
the base material. The seam could not be wetted into the middle of the flange joint. The reason was supposed 
that the base material was not warm enough to support a good wetting by high brazing speed.  
Comparing to the single beam brazing joints the filler materials tend to be wetted better in the middle of the 
flange joint by double beam, which indicated that, through double beam the distribution of beam density 
could be improved at moderate brazing speed, whereas at high brazing speed the wetting was insufficient. 
 
   
a). v = 0.4 m/min b). v = 0.6 m/min c). v = 1 m/min 
   
d). v = 0.5 m/min e). v = 1 m/min f). v = 1.5 m/min 
  BIAS ID 130048 
Fig. 8. Cross-sections of the flange joints by double beam brazing with AlSi12 (a, b,c) and AlZn13Si10Cu4 (d, e, f) filler wires 
(Parameters: P = 4 kW, vw/v = 3, D = 6.7 mm)  
 
3.3 Hardness of the joints 
Fig. 9 shows the hardness as well as the positions of the indentations on the cross-sections of the joints made 
with AlSi12 and AlZn13Si10Cu4 filler wires. With AlSi12 filler wire the joint reached a hardness that was 
equal to that of the base material of AA 6082 T4 at about 85 HV0.1 [7]. Using AlZn13Si10Cu4 filler wire the 
hardness of the joint could be greatly increased to approximately 150 HV0.1. It would make it possible to 
realize an over matching brazing joint even after the artificial aging from T4 to T6 condition. After the 
artificial aging the joint would have a hardness of about 150 HV0.1 in the fusion zone and approximately 120 
HV0.1 in the base material [8].  
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BIAS ID 130049
Fig. 9. Hardness on the cross sections of the braze joints made with (above) AlSi12 and (below) AlZn13Si10Cu4 filler wires (Hardness
measurement was done on the joints after 4 weeks natural aging.  Brazing parameters refer to Fig. 8a and Fig. 8e, respectively)
4. Conclusions
A new aluminum filler wire with a low melting range was developed for laser brazing of aluminum. It showed
a good wettability on the aluminum samples and required a lower heat input, in some cases up to 73% less
heat input comparing to AlSi12 filler wire. Using the double beam technique the seam quality of the brazing
joints could be improved. In addition the increased hardness of the joint with the new AlZn13Si10Cu4 filler 
wire indicated a better mechanical properties of the joints and a good potential to realize an over matching
brazing joint than that with the AlSi12 wire.
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